Earth-to-orbit propellant transportation overview by Fester, D.
E A R T H - T O - O R B I T  P R O P E L L A N T  T R A N S P O R T A T I O N  O V E R V I E W  
D. Fester 
Martin Marietta Denver Aerospace 
Large quantities of cryogenic propellants are needed to support Space 
Station/OTV operations. Two ways to get propellants into space are: 
transporting them in dedicated tankers or scavenging unused STS propellant 
(which promises significant cost savings). This discussion centers on 
scavenging propellant, both with and without an aft cargo carrier system, An 
average of two to four flights per year can be saved by scavenging and 
manifesting propellant as payload. Addition of an aft cargo carrier permits 
loading closer to maximum, reduces the required number of flights, and reduces 
the propellant available for scavenging. Sufficient propellant remains for 
OTV needs, however. 
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GROUND RULES 
1 .  NASA LOW MISS ION MODEL - R E V I S I O N  G, DATED OCTOBER 1 9 8 2  ( 1 9 9 1  - 2 0 0 0 )  
2. WTR AND DOD MISS IONS NOT USED 
3. M I S S I O N  MODEL MANIFESTED ON GROSS YEARLY B A S I S  - LOAD FACTORS OBTAINED FROM 
MSFC MODEL BASED UPON WEIGHT AND/OR VOL'UME 
4 .  A L L  FL IGHTS LOADED TO MAXIMUM PAYLOI\D WEIGH1 
5 .  DIFFERENCE BETWEEN AVERAGE CARGO WEIGHT AND MAXIMUM PAYLOAD C A P A B I L I T Y  MADE UP 
BY ADDING PROPELLANT AND TANKAGE AS CARGO 
6 .  SPACE STAT ION AT  28.5" INCL INAT ION,  2 5 0  NM ALT ITUDE 
7 ,  OTV PROPELLANT REQUIREMENTS FOR GEO MISS IONS ONLY 
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STS Lift Capability for 28.5 Degree inclination 
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F3rs~ellant Scavenging Definitions 
RES I DLIAL PROPELLANT = UNUSABLE + F L I G H T  PERFORMANCE RESERVE + FUEL B I A S  
SURPLUS PROPELLANT = PROPELLANT L E F T  AT MECO MINUS RESIDUAL (NOT USED 
DUE TO LESS THAN MAXIMUM PAYLOAD) 
PAYLOAD PROPELLANT = "SURPLUS" LOADED INTO SCAVENGING TANKS BEFORE 
LAUNCH 
ACC EFIVIRONMENT ASSUMED EQUIVALENT TO ORBITER CARGO BAY 
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Figure 7 
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OF THE OVER 2 0 0  F L I G H T S  StlOWN FOR T l lE  NEXT 10 YEARS, NEARLY I lALF ARE VOLUME I . IMITED,  W l l l L E  ONLY A FEld ( L E S S  THAN 
1 0  PERCENT) ARE WEIGH1 L I M I T E D ,  I N D I C A T I N G  AN ADVANTAGE OF USING AN ACC, 
Figure  9 
Parvlcsad v s  Residlaal/Surplus Propellant 
80 + 3 d RANGE 
/- 
AVERAGE STS LOAO FACTOR 
\A 
RESIOUALISURPLUS PROPELLANT - 1,000 LB 
NOMIIIAL RESIOIIAI 5 OF ~ M O  LRM A R E  SIIIIWN I-IIH TIIF FIII I Y WF IOIII I nni~l n 5 1  IIIAI l r i a .  IIUUI v t ~ t ,  IIIC A v L i l n c i  inr'n ~ A C I ~ I I ~  
I: AUOUI m,nno I ~ M  WIIICH RESOI rs 111 AIIOIII ?I,~IIII I ~ I M  or ; ~ t u i ' ~ i i ;  i1ucil1i I t ANI i r t  A l ~ l l l r l i ~ i r  I I i  r i l l  Pi loci  IHI IJ~ 
, 1 F ~ l l l l l A l  s. 
Figure 1 0  
OTV Requirements v s  
~ca\ren&d Pro~el lant  Available 
AN0 
UNUSABLES 
FISCAL YEAR 
WUnNl l  l l F S  ClF I 'RUPELLANIT A V k I I  A'lLE fOR SCAVENGING ARf  SIIUUII 1111' I t l r  '(FAR5 1994 1 0  71100. O1'/ I1LI1UIRi 3 L f l t 5  WEPt 
F~IABLIS!IEL' RI R~IUTING N L  OIV MISSIUNS T O  GEO. AS~IMING AI'PROXIMATFLY 45.000 I.BM or PROPELLANIS. R E S E R V E S  ANU 
I 'NLI<IPLF5 AMU:l t t l  l o  P s o u r  lw,oc~o LBM PER YEAR AND SURPI.UT I: ANOUT 2011.000 L ~ M  P r u  YEAR, RESULTING IN A T o r n 1  OF 
ARI ID I  J(lil,i)UO 1.8M PER IEAR.  
NU I.U:SFS I lAVE RE114 I ICL I I I1F I l  I N  T H I S  AFSFTYkIENI.  HIIWFVFR, l i l F 5 E  l'IIH5ilHY RFcU l  I S  5llUW T H A I  THE SURPLUS ALUNE 
l i l i l l . l l  MEET Tt l f  0 1 V  M E l l S .  
Figure 11 
Typical Propellant Tank Installations in ACC 
SCAVENGE TANKS PLUS PAYLOAO 
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TUO P O S S ~ R L E  INSTALLATIONS ARE SHOWN. ONE INCLIIOES TWO p a n - n  r n u l c ~ o s  P L I J ~  T W K S  FOR 91x10 LOM PRliPELLAIlT ANII THE 
OTHER HAS SCAVENGE T A K S  O K Y  TO ACCWUUATE 3 0 . 0 0 0  L i i H  PRIIPELLANT. 
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Propellant Tank Transfer with OMV 
ACC PAYLOAO EA 
TliE OMI I l R S  P ICKED UP THE SCAVENGE TANkS FOR lRANSFrR TO TIIE SPACE STAT13N DEPOT. TIIE E l  OEORalT MOTORS CAN BE 
SEEN ATTACHED TO IHE ACC STRUCIIIHL. 
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r AN AVERAGE OF 2 TO 4 STS FLIGHTS PER YEAR CAN BE SAVED BY SCAVENGING AhD 
MANIFESTING PROPELLANT AS PAYLOAD TO SUPPORT SPACE-BASED OTV OPERATIONS. 
e STS FLIGHTS SHOULD BE MANIFESTED TO CARRY MAXIMUM PAYLOAD WEIGHT. 
r ADDITION OF AN ACC PERMITS LOADING CLOSER TO MAXIMUM AND REDUCES PROPELLANTS 
AVAILABLE FOR SCAVENGING (162 VS. 172 FLIGHTS) .  OTV NEED S T I L L  MET. 
r ET RESIDUAL PROPELLANTS HAVE AN OXIDIZER/FUEL RATIO FROM 2 PO 4 .  
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